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IN the report of the Standards Committee for i9i9, Doctor
Nutting called attention to the need of collecting reference
material in such a form that it would be useful to as many
persons as possible. Following out that suggestion, this report
will contain several tables of data that have been found useful
in the field of pyrometry. Some of these data have been computed
and some of them have been taken from various papers that
have already been published. They all depend upon the values
of the radiation constants included in this paper, which best
represent all the experimental facts.

In the past when an experimenter desired to do some work
in the region of high temperatures, a great part of his time was
spent in establishing and maintaining the temperature scale.
The scale that has for the most part been aimed at is the centi-
grade thermodynamic scale, as defined by Kelvin about the mid-
dle of the last century. There has been considerable work done
in the field of radiation and pyrometry in the last few years, so

that now methods and constants are available that had to be
worked out by each experimenter in the past. Even at the pres-
ent time the experimenter in this region must spend considerable
time in the measurement of temperature, but by making use of
the standard points that have been very well determined and also
the methods that have been worked out much time can be saved.

The summary of the data included in this report are:
i. The temperature scale and fixed points, including methods

for establishing and maintaining the high temperature scale, and
recommended methods for calibrating and intercomparing tech-
nical pyrometers.

2. Brightness of black body at various temperatures and
related data.

3. Spectral energies of the black body at various temperatures.
4. The constants of the black-body laws.
5. The emissive powers of various metals.
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TEMPERATURE SCALE AND FIXED POINTS.

One of the most important single items in pyrometry and
radiation is the temperature scale. For this reason the first
table of data is a summary of the more important fixed points.
The temperature scale is defined in terms of the fundamental
interval, i.e., the interval of temperature from melting ice to
boiling water under standard conditions. On the standard scale
the interval is divided up into ioo degrees. The magnitude of
the degree will in general depend upon the method used in measur-
ing the temperature in this interval. It has therefore been decided
to define the temperature in terms of a constant-volume hydrogen
thermometer under specified conditions.

The standard scale that is aimed at for all temperatures is
Kelvin's thermodynamic scale which does not depend upon the
properties of any substance. This is the temperature scale that
would be obtained with a gas thermometer using a perfect gas.
The temperature scale obtained by a real gas can be corrected
to the thermodynamic scale if the departure of the gas from a
perfect gas is known. A very good discussion of this is given
by Buckingham in the Bulletin of the Bureau of Standards,
vol. 3, page 237. In his paper it is shown that the value that
best fits all the experimental data for the ice point on the thermo-
dynamic scale is 273.I3' K. The corrections to the different
gas thermometers are also given. These corrections have been
worked out for temperatures up to iooo0 C., and by extra-
polation they have been extended to 2000° K., and are given in
Table I. These corrections were calculated for an initial pressure

TABLE I.
Corrections to Constant- Volume and Constant-Pressure Scale for Nitrogen (All

Corrections to be Added Algebraically. Pressure=sooo mm. Hg.).

Temperature Constant Constant
in degrees K. volume pressure

1730 -o.o6 +-34
273 0 0.0
6o0 +0.10 .30
800 .24 .67

1000 .42 i.o8
I200 .64 1.54
I400 .86 I.98
i600* I.I 2.5
I800* I .4 3.0
2000* 1.7 3.5

* Extrapolated values.
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on the gas of iooo mm. of mercury. It was shown by Buckingham
that " the thermodynamic correction of the centigrade constant-
pressure scale at the given temperature is very nearly propor-
tional to the constant pressure at which the gas is kept " and
" that the thermodynamic correction of the centigrade constant-
volume scale is approximately proportional to the initial pressure
at the ice point."

These two propositions are very useful, since after finding the
corrections for any pressure for a gas thermometer of either type,
it is possible to calculate very approximately the corrections for
the same gas at any other pressure.

The region of the gas thermometer is limited by the container
for the gas. Day and Sosman carried the gas thermometer up
to the melting-point of palladium several years ago and to date
there has been indication of but a very small error at this high
point, i.e., an error of about twice what they set as their limit
of error. However, for most work, the region of the gas ther-
mometer would be considered to end at about iooo0 C. (or
I2730 K.).2 Above this, temperature is measured by means of
one of the radiation laws. In whatever manner the temperature
is measured in practice, it is the thermodynamic scale that is
aimed at.

In order to secure a uniform temperature scale there has been
a proposed international agreement by representatives of the
various standardizing laboratories in which standard values and
methods have been agreed upon. According to this proposed
international agreement the temperature scale has been divided
up into intervals according to the method used in measuring the
temperature in the different intervals. The first interval is from
-40° C. to 4500 C. and the temperature is to be measured in

this interval by means of a platinum resistance thermometer
calibrated at the temperature of melting ice (o' C.), the tem-
perature of saturated steam (IOO' C.) and the temperature of
sulphur vapor (444.60 C.), all under standard atmospheric pres-
sure. Points on the temperature scale between the fixed points
are found by interpolation, using the relation between the resis-

1 Am. Jour. Sci., xxix; p. 93, I9IO.
2 In many laboratories temperatures are all given on the absolute centigrade

scale and marked K (Kelvin), that is they are given as degrees centigrade

+273.1.
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tance and temperature expressed by one of the Callender formulae.
Rt-Ro I t(I) Pt= R= -I,00 (2) t-Pt = t- -I)-Rjoo-RO I IOO IOO0

where t is the temperature, R the resistance, and a constant, Pt
the platinum temperature.

Other fixed points in this interval that have been found useful
in calibration are given in the first part of Table II.

The second interval agreed upon extends from 450° C. to
i iaW C. The temperature in this interval is generally defined
as measured by a standard platinum platinum-rhodium thermo-
couple that has been calibrated at certain standard fixed points.
The thermocouple is generally calibrated at the freezing points of
zinc (or cadmium), antimony and copper. The relation between
E.M.F. of the thermocouple and temperature of the fixed points
that is then used to calculate intermediate points is expressed
by the following equation:
(3) e=a+bt+t 2

the constants being obtained from the calibrations at the three
fixed points. This connects the scales thus defined for the two
intervals so that the temperature scale is continuous and still
there is no uncertainty due to the use of different methods to
measure the standard temperature in the same region. Other
standard fixed points that are useful in calibration are given in
the second part of Table II. The values given in Table II are
supposed to be on the thermodynamic scale and are adopted as the
values that best represent all the experimental data. In calibrat-
ing a platinum platinum-rhodium thermocouple after finding the
E.M.F. of the fixed points, there is some difficulty in the inter-
polation for different points between two fixed points. Sosman 3
has outlined a very good method for doing this. The E.M.F.
of a standard thermocouple at the fixed points has been experi-
mentally determined. Now, if the differences between these
standard values and the values found for the couple being
calibrated are obtained and these differences plotted against the
temperatures of the fixed points, a curve will be obtained from
which the E.M.F. of any temperature can be obtained, or from
which the temperature for any E.M.F. can be readily found.

No attempt has been made as yet to fix upon an international
3 Sosman, Am. Jour. of Sci., xxx, I, i9io.
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standard scale above iioo C. (or 3730 K.). However, most
experimenters that work in this region base their results upon
certain of the radiation laws with particular values of the con-
stants of these laws and certain fixed points. The radiation laws
all apply to the black body and thus the temperature of a non-
black body cannot be directly determined from the measurements
of the energy radiated. When it is necessary to measure the
temperature of non-black bodies from the intensity of the energy
radiated, correction must be made for the emissive power. This
correction for the enissive power, together with an explanation
of this term, is more fully discussed below.

The melting point of gold, which is now quite generally
accepted as 13360 K., is a very convenient standard fixed point
for the calibration of pyrometers that are based upon the radia-
tion laws. Another satisfactory point for the calibration of
pyrometers is the palladium point. The value of this point is
somewhat in doubt. Day and Sosman, in their extended work
with the nitrogen thermometer, found I823° K. as the value
of this melting point. According to some recent work 4 this
value seems too low if the value I4,350 is used for the constant
c2 of Wien's equation. It seems, therefore, that it should be
raised about 50 C. or I828' K.

The, temperature scale in the region above 13360 K. is gener-

ally determined by means of an optical pyrometer with a calibra-
tion that is based upon Wien's equation.

C2

(4) J= cx- 5 e T

By comparing the brightnesses of a black body at two tempera-
tures and applying this equation, the following formula is
obtained:

(5) log R= C 2 o~g e( I)

where R is the ratio of the brightnesses, X the wave-length used,
T1 and T2 the two temperatures, and C2 = I4,35obL deg. (/ = 0.oo1

mm.). Thus, if R is measured and one temperature known, the
other can be calculated.

Some of the better-known temperatures in this region are
given in the third part of Table II.

4 Astrophys. Jour., li, 244, I920. Hoffmann und Meissner, Ann. d. Phys. 60,

201, I9I9.
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ESTABLISHING THE TEMPERATURE SCALE.

The temperature of the fixed points below i ioo C. are now
pretty well known. .} As was pointed out above, certain values
have been decided upon by agreement for the standard fixed
points below I ioo' C. These, of course, represent the best
experimental data available and are probably as accurate as can
be obtained without a very great amount of additional work.
Until better are-available therefore, the values given in this part

TABLE I1.

Standard Fixed Points.
PART I.-Interval-4o C. to 450 C. Degrees.

Fxeezing point of mercury ........................... -38.88 C.
Freezing point of tin ................................ 23I.84
Freezing point of cadmium ........... ............... 320.9
Freezing point of zinc ............................... 49.4Boiling point of naphthalene .................... 2I7.96+0.058 (p-76o)Boiling point of benzophenone ...................... 305.9 +o.o63 (-76o)Boiling point of sulphur .............................. 444.6

PART 2.-Interval 4500 C. to II00 C.
Freezing point of antimony .......................... 630. CFreezing point of aluminum ......................... 658.7
Freezing point of silver .................... I 960.5
Freezing point of sodium chloride ..................... 8oi
Freezing point of gold ............... i063.
Freezing point of copper, free from oxide .............. 1 083.

PART 3.-Interval above iioo0 C. (13730 K.)
Melting point of palladium ........................... I828 K.
Melting point of platinum ........................... 2034
Melting point of molybdenum ......................... 28i0
Melting point of tungsten .................. 3675
of Table II should be used. The values in the region above this
represent the best available data and are now very well known.
After the temperatures of the fixed points have been determined
by one of the standard methods, i.e., in terms of the gas thermome-
ter, corrected to the thermodynamic scale, in the gas thermome-
ter region, or by the optical pyrometer or total radiation pyrome-
ter in the region above this, there comes the difficulty of maintain-
ing this scale both from the standpoint of the standardizing
laboratory and the man using the temperature scale in the prac-
tical field. In the region of the platinum-resistance thermometer
and the thermocouple, standards of either can be obtained from
the standardizing laboratories and these used for checking up the
regular instruments. It is not very difficult to actually check up
a resistance thermometer at any one of the standard points in the
region -40° C. to 4500 C. It is a little more difficult to check
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up the thermocouple in the region 4500 C. to IIOO0 C. Most of
the standard fixed points in this region are given by melting points
of metals that must be melted in such a way as to avoid oxidiza-
tion. This requires a neutral atmosphere, or that the sample be
covered with some flux that will protect it. In the region above
iioo' C. (i.e., I3730 K.) there are two difficulties. The first is
the necessity of reaching the high temperature in such a way
that it can be controlled and measured and in addition there is
the second difficulty of getting and maintaining the black-body
conditions. This makes it very difficult for the man in the
works to make a check on his pyrometer by a direct comparison
with the black body at the temperature of the standard fixed
points. It is necessary, therefore, to have a secondary method
that is convenient and accurate enough for practical purposes.
Such a method is described below.

MAINTAINING THE HIGH-TEMPERATURE SCALE.

As pointed out above, the high-temperaturle scale, above
I3O0' K. is based upon the brightness of a black body at the
temperature of the melting point of some one or more selected
metals. Owing to their convenience, both as to their freedom
from oxidization and as to the temperature of their melting
points, gold and palladium are generally chosen. Both of these
metals can be successfully melted in a platinum-wound black-body
furnace. This is a very great convenience because the whole
operation can be carried out in the open air, thus requiring no
special precautions in maintaining either a vacuum furnace or
a neutral atmosphere within the furnace. The black body at a
particular temperature is the standard, whether the scale is deter-
mined by means of a total radiation or by means of. an optical
pyrometer. Most experimenters determine their temperatures
in this region by means of an optical pyrometer.

For calibration at the palladium point the thermocouple of
platinum, platinum-rhodium is not very reliable in that it will
not remain constant, as it is used inside the platinum-wound
furnace. This necessitates that each time a calibration is made
the point be found by a melting-point determination. Any one
who has used a black body for such purposes will know that this
requires a great amount of work. Thus, while in the standard-
izing laboratory the scale should be maintained and checked by
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actual measurements from the black body at the standard melting
point, some other method is necessary in practice. Much time can
be saved if a tungsten lamp with a filament of suitable size is
standardized so as to have the same brightness for a particular
part of the filament, when observed with the optical pyrometer,
as the standard black-body furnace for one or more definite
temperatures. Such lamps with single-loop wire filaments have
been made, calibrated and used in this laboratory for this pur-
pose for several years. The bend in the wire is made somewhat
sharp and the centre of this loop used as a point of reference.
This method has recently been employed by a number of research
laboratories in this country using lamps calibrated at several
currents for temperatures between 2000 K. and 2000 K.

For the highest accuracy the tungsten lamp that is to be used
for calibration purposes should be standardized with an optical
pyrometer, using a monochromatic screen (usually red glass),
which is the same as that on the pyrometer to be compared, or
corrections should be made for the difference. If the effective
wave-lengths are known, this correction can easily be made.5
For practical purposes, however, if similar red glasses are used
the error will be quite small.

Tungsten filaments have been found to depart very markedly
from Lambert's cosine law in their radiation. To avoid error
due to this cause, care must always be taken in determining the
temperature of circular filaments to measure the brightness of
the central part of the filament. For this reason, the pyrometer
filament should always be parallel to the background filament.
This, of course, requires that the pyrometer filament be much
smaller than the image of the background filament used as
a standard.

A ribbon tungsten filament with some mark, or a pointer to
indicate the exact spot sighted upon, is sometimes used as a
standard background against which to calibrate a pyrometer
filament. The ribbon filament does not require as much magnifi-
cation as the wire filament. A commercial form of the dis-
appearing-filament pyrometer which has a small magnification can
be calibrated, using such a ribbon filament, providing that either
the filament is about 3 mm. wide or an extra lens is used between

5 Gen. Elec. Rev., 20, P. 749, I917.
6 Worthing, Astrophys. Jour., 36, p. 345, 1912.
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the filament and the pyrometer, so as to give a large image of the
filament, this extra lens being of such size that it will not limit
the cone of rays that enters the objective lens of the pyrometer.
If a lens is used corrections must be made for its transmission, or
the background lamp must be calibrated by means of the standard
pyrometer with the lens before the lamp. The transmission of
a lens is measured in much the same manner as is the transmis-
sion of a piece of absorbing or other glass. The method gener-
ally employed is to form an image with the lens whose trans-
mission is being measured and then, taking care to see that the
lens is not limiting the beam that enters the objective lens, to
measure the brightness of this image and compare this brightness
with that of the standard source as observed directly.

A ribbon-filament lamp and lens combination may be used
to calibrate a Wanner-type of optical pyrometer. In this case,
the image of the filament is to be focused on the slit of the
pyrometer and readings made by obtaining the relation between
the scale of the pyrometer and the temperature of the ribbon
filament corrected of course for the transmission of the lens.

Several industrial plants have recently had such ribbon-fila-
ment lamps made and have either used them without or with an
extra lens. Such a lamp or lamp and lens combination can be
calibrated by a standard laboratory or they can be calibrated
with the calibrated optical pyrometer before it has been used,
and in this way any change in the calibration of the optical
pyrometer can be detected.

With such lamps properly aged and properly calibrated, any
one may maintain his own temperature scale for years, if the
calibration does not extend higher than that of the palladium
point and the standard lamp is not accidentally heated to a
higher temperature.

An intercomparison of the temperature scales of the Bureau
of Standards, the Research Laboratory at Schenectady, the
Physical Laboratory of the University of Wisconsin, and Nela
Research Laboratory was made by means of measurements made
on a number of tungsten lamps. The temperatures of several
tungsten lamps were very carefully measured in this Laboratory
for different currents and sent to three other laboratories where
the temperatures were measured for the same currents. The
lamps were then returned to this Laboratory for a second check
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on the temperatures. This gave an intercomparison of the
temperature scales that are in use in the different laboratories.
* In each of the laboratories the temperatures were measured
by means of a disappearing-filament optical pyrometer, using red
glass as the monochromatic screen. As the different laboratories
used red glasses having slightly different effective wave-lengths,
a small correction was necessary to reduce the temperatures to the
same wave-length. Such a correction would have been unneces-
sary if the sources whose temperatures were measured had been
black bodies. A summary of the results, using the data on but
three of the six lamps, is given in Table III. The data obtained
on the other three lamps are about as those presented in the
table, as can be seen by a reference to the original paper.

TABLE III.

Results of Intercomparison of Temperature Scales.

C2 I435o/ deg. X=o.665A Melting point of Au= I3360 K.
(Pd= 8280 K.)

Research
Nela Research Laboratory of Nela Research Bureau of Nela Research

Lamp Laboratory General Elec- Laboratory Standards Laboratory
(10-I7-I6) tric Company (II-28-i6) (4-2-I7)

(Schenectady)

T-i6B .... I429 I431 1427.
T-3oC 8130 K. i813 i813 i8I4 i8I3
T-30C ........ 2307 2304 2302 2303
T-30C 2756 2752 2752 2762 2752

Physical Laboratory
Nela Research University of Wisconsin Nela Research

Laboratory - Laboratory
(3-27-t6) C. E. M. G. R. G. (7-I4-I7)

T-17-C . i8io I813 i8i6 i8io
2I93 2I97 2202 2i96
2490 2506 25I6 2497

Of the lamps used in the intercomparison all, except one, had
flat filaments about 3 cm. long, and about iY2 mm. wide. The
exact point at which it was desired to have the temperature meas-
ured was indicated either by a pointer, a notch in the supporting
lead, or a small notch in the filament itself. Three of the lamps
were gas-filled, and the other two were of the vacuum type.
The other lamp, a gas-filled lamp, had a 20-mil. (.5 mm.) fila-
ment in the shape of a hairpin loop. As the loop was rather sharp,
the exact point at which it was desired to have the temperature
measured was easily indicated. This Laboratory is planning to
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send similar lamps to several other laboratories for comparisons
in the near future.

An inspection of Table III will show that the results by the
Bureau of Standards, Research Laboratory of the General Elec-
tric Co., Schenectady, and Nela Research Laboratory, agree very
well for the entire range studied. The results obtained in the
Physical Laboratory of the University of Wisconsin do not agree
quite so well, but even here the differences are quite small.

The above results show two things: first, that the temperature
scales in use in the four laboratories that made the intercom-
parison are in very good agreement, and second, that the tem-
perature can be satisfactorily measured from such lamps.

Six years ago a tungsten lamp with a single hairpin loop (ten-
mil. filament) was standardized in this Laboratory so as to have
the same brightness as observed with the pyrometer as the black
body at the temperature of melting palladium, and has been used
ever since as one of two standards of temperature. This lamp
has also been used as a brightness standard against which to
calibrate pyrometer filaments for brightness. It has not been
operated at a higher temperature than that corresponding to the
brightness of a black body at the palladium point. When it was
first calibrated, six years ago, the current required for this bright-
ness was 4.087 amperes. A recent recalibration of this lamp indi-
cated that the current should be 4.o95. The other standard has
been in use for about four years and the recent calibration showed
no change in its current for this brightness. The change in
current noted in the first lamp corresponds to a little over one
degree centigrade. Thus, if the temperature scale had been
maintained for the six years by this one lamp alone, the error
would amount to about C. This for most work would
be negligible.

PRECAUTIONS IN USING OPTICAL PYROMETERS

The Disappearing-filament Type.-Tn Working with an optical
pyrometer of the disappearing-filament type, experience has shown
that several precautions are necessary in order t avoid errors.
If an optical pyrometer of this type is constructed without a
limiting diaphragm between the objective lens and the pyrometer
lamp, an error will be made if the position of the objective lens
is changed, even though there is a limiting diaphragm between the
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pyrometer lamp and the eyepiece. In other words, the current
required through the pyrometer filament for an apparent bright-
ness match with a particular source is a function of the angle that
the cone of rays from the objective lens makes at the pyrometer
filament. This has been found to be due to light from the source
being diffracted 7 around the pyrometer filament.

It has often been assumed by different experimenters that the
pyrometer filament and the background source were at the same
brightness (excepting for small differences due to lens absorption,
etc.), when there was an apparent brightness match between them.
This is not the case since part of the light that appears to come
from the pyrometer filament comes from the source being investi-
gated by being diffracted by the filament. These errors can be
avoided by keeping the cone of rays from the objective lens to the
pyrometer filament as well as the cone of rays entering the eye-
piece, fixed for any particular set of measurements. This can
readily be done by having fixed limiting diaphragms between both
the objective lens and the pyrometer filament, and between the
pyrometer filament and the eyepiece, the latter diaphragm being
the smaller. It has been shown 8 that conditions can be so
arranged that the pyrometer filament will be as much as i.6 times
as bright as the source being investigated, and still as observed
through the eyepiece there will be an apparent brightness match.
On the other hand, by increasing the size of the cone of rays
that reaches the pyrometer filament to a sufficiently large value it
will be found that there will be an apparent brightness match
when the pyrometer filament is only about o.9 as bright as the
source. The former condition would probably not be met with
in practice since the cone of rays is rather small, being about such
as would be subtended by an opening 0.2 mm. in diameter at a

distance of 50 cm. In the latter case the cone is about such as
would be subtended by an opening cm. in diameter at a dis-
tance of 50 cm.

To get a perfect brightness match the different parts of
the pyrometer should be so lined up that there is approximately
axial symmetry, and the resolving power of the eyepiece used
should not be so great. as to prevent the practical disappearance
of the pyrometer filament against the background image. This

7 Phys. Rev., N. S., 4 p. .i63, 19I4.

8 Loc. cit.
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image should be large in comparison with the pyrometer filament
for reasons given below.

If a rotating sector is used to cut down the apparent intensity
of the background, care must be taken as to the location 9 of the
sector. There is a very marked difference in the results of tem-
perature measurements, depending upon whether the sector is
located near the objective lens or as near as possible to the pyrome-
ter lamp. There is also a difference depending upon the relative
positions of the openings in the sector and the source, providing
the source is a lamp filament. If a sector of small transmission
is mounted near the lens and so placed that the openings of the
sector are parallel to. the axis of the background filament when
the sector is passing across the centre of the lens, the definition
will be very bad, while if the openings of the sector are turned
through go so that they are perpendicular to the axis of the
filament, the definition will be quite good, but not so good as if
the sector is located near the pyrometer lamp. When the rotating
sector is located near the pyrometer lamp, the definition is good
and practically independent of the relative position of the opening
of the sector. If a very large source is used no such effect is
noted. Using a pyrometer calibrated against such a large back-
ground and thus independent of the position of the sector to meas-
ure the brightness temperature of a small tungsten filament, large
variations in temperature were found when different sectors were
used near the objective lens. No such differences were found
when the sector was located near the pyrometer filament.

In Table IV are given results of a test showing the effect of
the position of the sector. A fifteen-mil (0.38I mm.) tungsten
lamp, operated at a brightness temperature of about 2275° K.,
was used as a background, and readings were made on the current
through a 2.5-mil tungsten pyrometer filament, for an apparent
brightness match with a sector having two one-degree openings.
From the table it can be seen that the position of a sector of this
size can cause an error of about 40 K. for this condition if
care is not taken as to its location.

If in place of a rotating sector an absorbing screen is used.
to cut down the apparent intensity, care must be used, due to the
fact that absorbing screens are not neutral-tint, and thus their
transmission depends to some extent upon the temperature of
the source being investigated. This change in transmission may

Hyde, Cady and Forsythe, Astrophys. Jour. 42, p. 303, I9I5.
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TABLE IV.
Errors in Temperature Measurements Due to Improper Location of Sector.

Position of a 2-degree sector

Near lens Near pyrometer lamp

Opening Opening Opening Opening
of sector of sector of sector of sector
parallel to perpendicular parallel to perpendicular

background to background background to background
filament filament filament filament

Current in amperes through
pyrometer filament for
brightness match . 03332 0-3354 0-3357 0-3357

Apparent relative bright-
ness .939 .995 I.000 1.000

Temperature of background
for these readings 22630 K. 22750 K. 22770 K. 22770 K.

be enough to cause a considerable error. The transmission of an
absorbing screen also depends upon its own temperature.

Another point that should be noted 10 is that when two absorb-
ing glasses are used together, the transmission of the two used
together is not, in general, the product of their separate trans-
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missions. This is due to the fact that the spectral transmission
of absorbing screens is not in general independent of the
wave-length.

In Fig. are shown the spectral transmissions of a piece of
noviweld and of a piece of a Jena absorbing glass. Either one

10 Foote, Bur. Stds. Bull., Vol. I2, P. 500, i9i6.
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of these glasses is nearly enough neutral tint for use with the
red glasses whose transmission curves are shown by curves B, C,
and D in Fig. 3. The noviweld absorbing glass and all the
samples of Corning high-transmission red glasses were obtained
-from Mr. H. P. Gage, of the Corning Glass Works, Corning,
New York. This absorbing glass is made in different shades
with transmissions, when used in connection with red glass, rang-
ing from less than one per cent. to several per cent.

If a red glass is used in the eyepiece, the ratio of the bright-
ness of the source as observed through both the red glass and
the black glass, to the brightness of the same source as observed
through the red glass alone, is called the total transmission for
the particular temperature. Without a red glass, using the entire
visible spectrum, it is generally very hard to make such measure-
ments owing to the color differences introduced by even the best
absorbing glasses, but with a good red glass in the eyepiece, such
transmission measurements can be made easily.

The total transmission of the absorbing glass when used with
a red glass can be calculated for any black body distribution by
the following formula taken from Preston's Theory of Light:

, O (T) Vxt'let'BdX
(6) TB= 30 J(XT)Vxt'!,dx

where J d = black-body energy for interval to A + dA. V =
visibility, t'R and t'B= spectral transmission of the red and absorb-
ing glasses, respectively. It is very evident that if the spectral
transmission of the absorbing glass is different for different wave-
lengths, the total transmission will be a function of the tempera-
ture of the source under investigation.

In Fig. 2 is shown as a function of the temperature of the
source, the total transmission for red light of the absorbing glasses
whose spectral transmission is given by curves B and C, Fig. i.
The measured points were determined by the author, and the
calculated values were obtained by means of equation (6) by
making use of an average visibility curve 11 for this spectral
region. Transmission values were also calculated, using the
writer's visibility curve. Values thus obtained, using the two
different visibility curves, differ from each other by only a small
fraction of a per cent.

IlAstrophys. JoUr., 48, p. 87, 1918.
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The Effective Wave-length of the Monochromatic Screen.-
An optical pyrometer can be calibrated and so used as to make
unnecessary a knowledge of the extent to which the screen is

monochromatic. To do this requires a black-body furnace that

can be operated at various temperatures up to the highest tem-

perature for which the pyrometer is to be used. However, if

any attempt is made to use Wien's equation to extend the tem-

perature scale, either above or below that of the standard furnace
by the use of rotating sector discs or absorbing glasses, that is, to

FIG. 2.
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Total transmission of absorbing glasses, as a function of temperature when used with red
glass No. 4512-5.8 mm. thick. Curve A, two pieces Jena absorbing glass. B. one piece Jena
absorbing glass. C, Noviweld glass from Corning Glass Works. Curves drawn through points

V T T' dX.

calculated from equation TB - 0 X Crosses represent values of transmission
J J VXT dX

Jo X 1?

obtained with optical pyrometer.

find the temperature of a black body whose brightness, as seen

through the pyrometer, is, say, ten times (assuming a sector or

absorbing-glass transmission of one-tenth), that of a black body

whose temperature can be measured directly, a knowledge of what

wave-length to use is necessary. A knowledge of the wave-length
that must be used may also be necessary if the pyrometer is used
to measure the temperature of non-black bodies. The wave-

length which must be used is called the " effective wave-length." 12

In using the pyrometer, it is the integral luminosities through the

red glass that are compared, and for this reason the effective
2 Astrophys. Jour., 42, p. 294, I9I5.
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wave-length of the red glass screen for a certain temperature inter-
val has been defined as the wave-length such that, for the definite
temperature interval for a black body, the ratio of the radiation
intensities for this wave-length shall equal the ratio of the integral
luminosities through the screen used.

Knowing the spectral transmission of the red glass, it is.pos-
sible to calculate the effective wave-length e for any temperature
interval by means of the following equation:

(7) [J(XTOJ e fmJ(XT)VXtRdX

J(XT2) AXe fJ(XT2)VXtRdX

These integrals can be computed by the step-by-step method with

FIG. 3.
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Wave-length in ju
Spectral transmission of various red glasses. Curve C for Jena ed No. 4512, 2.93 mm.thick. Curve E for Jena red No. 2745, 3.2 mm. thick. Curve A for Corning high transmission

red, marked i50 per cent., 5 mm. thick. Curve B for Corning high transmission red, marked50 per cent., 5 mm. thick. Curve D for Corning high transmission red, marked 28 per cent., 6mm. thick.

sufficient accuracy for this purpose. Using equation (7) the
effective wave-length was calculated for the red glass whose
spectral transmission is shown by curve C, Fig. 3, for a number
of temperature intervals and plotted as shown in Fig. 4. By
connecting the points where the curve for the effective wave-
length from any particular temperature crosses the same tem-
perature ordinate, a curve is obtained (curve C, Fig. 4) that

VOL. IV, No. 5-2I
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gives the limiting effective wave-length for any particular tem-
perature. To show how these curves may be used, the effective
wave-length for a couple of temperature intervals will be found.
The effective wave-length between 8000 K. and 29000 K. is
given by the ordinate of the point where the 8000 K. curve
crosses the 29000 K. ordinate; that is, it is o.6644t&. For the
range between 2ioo K. and 29000 K. the effective wave-length.
is likewise given by the point where the 2IOO' K. curve would

FIG. 4.
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Effective wave-length for Jena red glass No. 45I2. Spectral transmission shown in curve C.
Fig. 3.

Curve A. effective wave-length from I300 'K to other temperatures.
Curve B. effective wave-length from i800 to other temperatures.
Curve D, effective wave-length from 2400 to other temperatures.
Curve E, effective wave-length from 3600 to other temperatures.
Curve C, limiting effective wave-lengths.

cross the 29000 K. ordinate. However, in this case the 2i000 K.
curve is not drawn, but will have to be imagined as drawn parallel
to the 8000 K., one point of its position being determined by
where the curve crosses the 21000 K. ordinate. The effective
wave-length for this interval is o.664Iu. It can be seen from the
figure that the effective wave-length for any temperature interval
is given quite closely by the mean of the limiting effective wave-
length for the two temperatures.

In Table V are given the errors that would result due to

667 7
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TABLE V.
Changes in Temperature of 24000, and 3000° K. extrapolated from 8000 K. as

Initial Temperature, Using Wien's Equation, Due to Various Changes.

C2=I4350 deg.
X =o.665s

Variation leading to error Percentage change Actual change

_.800 K. 2400' K. 3000' K. 800' K. 2400' K. 3000' K.

One per cent. change in
initial temperature.. . ......... I % 1.3% I.7% 180 32° 5 K.

30 K. change in initial tem-
perature . ..... .... 3 5 80

Using a X that is one per cent.
in error . .0.3 0.7 .... 8° 20°

O.ooigt error in .... .......... 0.5 0.0 .... I.20 3
If in extrapolating the Xe of

red glass between 13000
and 8000 K. is used. See
Fig.4 ................... 0.1 0.3 .... 2.40 750

Calibrating pyrometer fila-
ment against tungsten
lamp as background that
was standardized with a
red glass different from the
one used in the pyrometer
being calibrated. Suppose
X to change from o.665,u
to o.65o/,z ................ .... .... 3-5°

One per cent. error in value
used for transmission of
sector or absorbing glass... .1I 0.I4 .... 2.80 4.20

One per cent. variation in
the current through 2-
mil. pyrometer filament.. . 0.5 0.7 o.8 90 i6 250

various changes. From this table it can be seen what error in
temperature would result in an error in the effective wave-length.

The Wanner Pyrometer.-In the Wanner optical pyrometer
the beams of light from the comparison source and the source
studied are so arranged that, by the use of a polarizing device,
the two beams, as viewed through the eyepiece, are polarized in
a plane at right angles to each other. By rotating another nicol
located in the eyepiece, the two sources can be made to appear
the same in brightness. When this form of pyrometer is used
there is always the danger of error due to polarized light from the
source. If readings are taken with the pyrometer in two planes
at right angles to each other, the chance for error due to this
cause will be greatly lessened. There must be a very large source

71 __ - - - - - - - T_-_ - -
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in order to fill the entering cone of the pyrometer and the instru-
ment must be pointed directly at the source being studied. It
is sometimes difficult to be sure that these two conditions are
fulfilled. For good working conditions, the different parts of
the instrument must be very carefully lined up. If this is not the
case there will be either an overlapping of the two fields, or there
will be a dark line between them.

All of the possibilities of errors due to absorbing screens dis-

cussed under the disappearing-filament type, also apply to this
pyrometer.

If a red glass is used to obtain monochromatic light, the same
care concerning the red glass is necessary, as was pointed out
above. If the monochromatic radiation is obtained by the use
of a direct-vision prism, the slits must not be too wide (as
expressed in wave-length interval transmitted), or the same, or
even greater error, will result. The comparison lamp must be
kept in position and stray light kept from the different paths.

The Le Chatelier Pyrometer.-In this form of optical
pyrometer the comparison source is off at one side and the com-
parison is made between this and the source being studied by
means of a photometer cube or a mirror. This pyrometer is
made up in several forms. They all, in general, require a rather
large source for observation, and it is also sometimes difficult to
be sure that the instrument is pointed directly at the source.

The same care is required concerning the absorbing screen
and the monochromatic screen, as was pointed out under the
heading of the disappearing-filament pyrometer.

Corrections for the Transmission of Windowv.-When meas-
uring temperatures with an optical pyrometer it is often necessary
to make observations through a glass or other window, or through
the lamp bulb. This, of course, makes necessary a correction to
the temperature, which correction depends upon the transmission
of the glass or other window and upon the temperature measured.
This correction can be calculated by the use of Wien's equation
and the transmission of the window. In Fig. 5 are shown the
corrections for various transmissions. From these curves the
correction for any transmission from about ioo per cent. to 75
per cent. and for a temperature range from i2000 K. to 32000 K.
can readily be found. These corrections apply to wave-length
o.665,u. If a different effective wave-lepgth is used, corrections
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can easily be made. From Wien's equation it can be shown that
the percentage variation in this correction is equal to the per-

FIG. 5.
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Corrections to be added for various transmissions of windows for different observed tem-
peratures. Each curve shows the corrections for the per cent. transmission marked at the end of
the curve in the right margin.

centage variation in the wave-length used, i.e., if a wave-length
one per cent. greater than o.6659 is used the correction will be
one per cent. greater than the one given in the curves.

325



W. E. FORSYTHE.

The transmission of a clean lamp bulb for red radiation has
been found to, be go per cent. or slightly more. If the glass is
blackened, it may be lowered to 88 per cent. or even lower, de-
pending upon the amount of the blackening. A mica window
was measured and the transmission found to be about 75 per cent.

BRIGHTNESS OF A BLACK BODY.

The black body at some particular temperature has often been
suggested as the standard of intensity of light. There have been
several determinations of this brightness for different tempera-
tures. However, it is very difficult to compare such data for
two reasons. In the first place, different temperature scales have
been used and there is not always enough data included to deter-
mine just what the temperature scale was. The second difficulty
is due to the fact that different observers have, in general, dif-
ferent visibility curves and obtain different values for the bright-
ness when there is a color difference between the sources being
compared. Since in general nothing is known concerning the
visibility characteristics of the different observers, it is almost
impossible to correct for this error. The experimental values 13

TABLE VI.

Brightness of Black Body at Various Temperatures.

Temperature Brightness in
degrees K. candles per cm.2

I~~~~~

I000 0.00251
I200 .0I32*
1400 *23I *
i6oo 2.03*
i8oo 11.3
2000 44-3
2200 I37.6
2400 354.0
2600 785.o
3000 2892.0*
3600 Ii880.0*
5000 87300.0*

* Calculated values.

of brightness given in Table VI are on the temperature scale
given above, and in order to avoid possible errors arising from
individual idiosyncrasies of vision, the candlepower scale on
which the values given in the table were based was that given for

"3 Hyde, Forsythe and Cady, Pys. Rev. II, 13, P. 45, I9I9.
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a tungsten lamp by Middlekauff and Skogland.'4 The procedure
of calibration consisted in transferring the photometer and com-
parison lamp to a standard photometer bench, and substituting
a tungsten vacuum lamp for the black body. The comparison
lamp was then brought successively to the various voltages used
against the black body and readings made against the tungsten
lamp. In cases of large color difference blue screens calibrated
at the Bureau of Standards were used. The relative candle-
powers of the standard tungsten lamp were computed from the
data of Middlekauff and Skogland, and hence the candle-
powers of the comparison lamp, and so the brightnesses of the
black body were obtained on this same scale. The candlepower
scale of the Bureau of Standards was established originally by
,eight observers. Very fortunately the average visibility of these
eight is not markedly different from that of the average of 25

observers as determined by Coblentz. At any rate these values
are given on a scale of candlepower that is known and does
not depend upon observation of a single observer whose visibility
curve is unknown. In the table the values of the brightness are
given in candles per square centimeter at various temperatures.
The values between I700' K. and 26oo K. are observed values,
and the values above and below these limits are calculated from the
distribution of energy in a black body as given by Wien's equation,
the visibility of radiation, and the mechanical equivalent of light.
This required an evaluation of the following definite integral:

(8) Bo= 4 / J(XT)VxdX

where M is the mechanical equivalent of light, B. the brightness,
and the other terms as defined above. This integral was evalu-
ated by the step-by-step method, using steps. where dX was 0.005,x.
In some other work it has been shown that with steps of this size
the error in relative values was negligible. The value of the
mechanical equivalent of light, M, used is .0ooi50 watts per
lumen. The values of the other constants are given in the sum-
mary below. The mechanical equivalent of light used here is the
one adopted by the Illuminating Engineering Society. It is the
value found from the experimental value of the brightness given

"Bull. Bur. of Stds., II, P. 483,19I5.
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TABLE VII.

Recommended values
Investigators equivalent of lih Visibility data Method

in watts per lumen

P. G. Nutting. O.OOI20*0.00005

H. E. Ives ....... I o.ooI6o-0-00003

W. W. Coblentz

Secondary value
0.00154

0.00 62 -0.00005

Hyde, Forsythe o.ooI50oo.oooo5
and Cady

Nutting

Ives - Kingsbury
curve from equa-
tion Ives -
Kingsbury

C9blentz and Em-
erson

Hyde, Forsythe
and Cady

Measurements of total
radiant flux and total
luminous flux from
acetylene. Coblentz
energy curve for acet-
ylene used.

(i) Measurement of
total radiant flux
and total luminous
flux from a mono-
chromatic source.

(2) Measurement of
radiant flux through
luminosity filter and
integral luminous
flux direct from the
source.

(3) Measurement of
brightness of a plati-
num-wedge black
body at the melting
point of platinum
taken as 2037° K.

Several methods using
observations by him-
self and others.

(i) Computation us-
ing preliminary data
on brightness of a
black body by Hyde,
Forsythe and Cady.

(2) Direct measure-
ment on monochro-
matic radiation by
Coblentz, Ives and
Kingsbury.

(3) Measurements on
incandescent lamps
by Coblentz and
Emerson.

Direct measurement
of brightness of car-
bon and platinum
tube black bodies.

in Table VI. In Table VII are given the recent determinations
of the mechanical equivalent of light, together with a statement
of the method used.

Crova Wave-length.-Crova and others have shown that the
relative brightness of a black body at different temperatures varied
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as the brightness of some particular wave-length interval near the
centre of the visible spectrum. This wave-length is not constant
as was first thought, but varies in such a way that the

FIG. 6.

2 26X 309 W0S 446
TEMPERATURE DEGREES K

Crova wave-length.
Curve A, Crova wave-length from iooo to other temperatures.
Curve B, Crova wave-length from I300 to other temperatures.
Curve C, Crova wave-length from 800 to other temperatures.
Curve D, Crova wave-length from 2400 to other temperatures.
Curve F, Crova wave-length from 3600 to other temperatures.
Curve G, Crova wave-length from 5000 to other temperatures.
Curve E, limiting Crova wave-length.
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Crova wave-length moves towards a shorter wave-length for
higher temperatures.

The Crova wave-length was calculated by means of the follow-
ilg formula:

(9) [J(xTI)1 JJ(XT)VxdX
J .T2 f-Jj(XT 2)VXd,,

and the results plotted as shown in Fig. 6. This integral can be
calculated by the step-by-step method with sufficient accuracy
for this purpose. Curve A is the Crova wave-length for iooo K.
to other temperatures as shown; curve B for 3000 K. to other
temperatures as shown, etc.; curve E is the limiting Crova wave-
length for any particular temperature.

The Distribuion of Energy in the Visible Spectrumt of a
Black Body.-When making such calculations as those referred
to above with reference to the brightness of a black body and
the Crova wave-length, use is made of the distribution of energy
in the visible spectrum of the black body as calculated from Wien's
equation. Such values have been calculated and are given in
Table VIII. These values were calculated, taking c as unity, c2
as I4,350 deg., and the wave-length in F-. Thus, to reduce the
values to ergs per square centimeter per second per ak, they must
be multiplied by the value of c (3.72 X IO-12). The values 15 as
they are printed thus are relative intensities and are to be used
for relative calculations. If the absolute values are desired, the
above corrections must be made.

All the values given in Table VIII, excepting the last column,
were calculated by means of Wien's equation. It has been shown
that this equation does not fit the observed facts for large values
of the product T. Planck's equation

(Io) Co5

~T
e -I

has been shown to fit the experimental data quite well as far as
experiments have gone. It is quite likely that Planck's equation
would better represent the experimental values at very high

15 If above values for the spectral distribution are reduced to actual energies
care must be taken to introduce the value for dX. Wien's equation, as generally
used, gives the value of the intensity rather than the actual energy. To reduce
to energy the value of dX must be introduced.
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temperature if such observations could be made. In Table IX are
given the correction factors to be used to convert the values
obtained by calculation, using Wien's equation to values that
would be given by Planck's equation for different values of the
product AT.

TABLE IX.

Ratio Between Planck's and Wien's Equations for Different Values of AT.

XT Ep./Ew

2000 i.ooo8
2500 I .003
3000 i.oo8
4000 I.028
5000 I.056

In the last column of Table VIII are given the values for the rela-
tive intensity for 50000 K. corrected to Planck's equation by
means of these factors. Using Planck's instead of Wien's equa-
tion in calculating the brightness of the black body gives an in-
crease in the calculated brightness of about 0.7 per cent. for a
temperature of 50000 K., and an increase of less than o.i per
cent. for the temperature of 36000 K. The error would of course
be negligible for lower temperatures.

RADIATION CONSTANTS.

When referring to the different radiation laws mention was
made of different constants. There has been a great deal of
work done on these radiation constants. A very good summary
of all this work is given by Coblentz.'0 Taking account of all the
work and the accuracy of the different determinations, the best
value for c2 of the Wien-Planck equation is I4,350L deg. Some
later work seems to indicate that this value is slightly too high.
However, until more data are available it does not seem necessary
to make a change in the value. The value of the constant 8 of the
Stefan-Boltzmann total radiation laws which best fits all the
experimental data is

5.7 X I-12 watts cm. 2 deg.- 4

Using these values for c and 8 the value of c, the Wien-Planck
equation is found to be

3.72Xio072 watts cm.2

" Bull. of Bur. of Stds., xiii, p. 459, i9i6.
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EMISSIVE POWERS OF VARIOUS RADIATORS.

All solid bodies when heated send out radiation and the inten-
sity of this radiation has been found to depend upon the substance
used and upon the temperature. It also depends upon the con-
dition of the surface, that is, whether the surface is rough or
smooth. The words rough and smooth are used in a relative
sense, for a surface that is rough for one wave-length interval
may well be rated as smooth for another. Since the intensity of
the radiation in the various wave-lengths depends upon the tem-
perature and upon the surface studied, the actual temperature
can be calculated if the relation between the intensity of the
radiation and temperature is known for this surface. As men-
tioned above, this relation between temperature and intensity
of radiation for the black body is represented by Planck's equa-
tion. For values of the product AT below 3000 this equation
may be reduced to Wien's form which is much easier to use in
calculation. All other bodies that owe their brightness to tem-
perature alone when at a particular temperature send out less
radiation than does a black body at the same temperature. Thus,
equation 4, if applied to other than a black body, would be written

C2

( I I ) * Jx = ecX-5e XT

where (less than unity) is the spectral emissive power of the
substance under consideration. e will depend upon the wave-
length, the conditions of the surface and upon the temperature.
In Table X are given the emissive powers of some of the metals
used as standards.

From the definition of a black body and Kirchhoff's law it
follows that all other bodies that owe their brightness to thermal
causes alone are less bright when at a particular temperature than
a black body at the same temperature. Thus, if the temperature
of any hot non-black body is calculated from a measurement of
its brightness, as though it were a black body, values that are
lower than the true temperature will be obtained. The tempera-
ture obtained, however, is the temperature that a black body must
have in order to have the same brightness for the particular
wave-length interval as the body being investigated. As the
brightness thus measured corresponds to some particular wave-
length interval the temperature obtained corresponds to that par-
ticular wave-length interval. The difference between the true
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TABLE X.
Emissive Powers of Various Metals.

Metal Temperaturein°K. Emissive power

Silver ................................... I200 0.044
Gold ..................................... °300 0.I4
Copper ................................... I200 0.100

I300 O.I14
Platinum .................................. 1000 0.36

1400 0.32
I 800 0.29

Palladium ................................. 1000 0.36
1400 0.33
1500 0.31

Iridium ...................... 2000 0.30
Nickel .......... .......................... I400 0.36

I700 0.36
Iron ................................... I300 0.379

1500 0.375
i8oo 0.360

Molybdenum .............................. I300 0.56
2600 0.62

Tungsten 2 ..................... .......... I200 0.458
i 6oo 0.449
2000 0.439
2400 0 429
2800 0.4I9
3400 0.405
3675 0.398

The values for the different emissive powers given in the above table are taken from a
table by Burgess and Waltenberg (Bull. Bur. of Stds., II, p. 59I, I915) excepting as noted.

(1) Mendenhall and Forsythe. Astroplhys. Jour., 38, p. 380, I913.
(2) Worthing, Pys. Rev., N. S., X, p. 377, I9I7.

temperature and the temperature thus obtained varies from a few
degrees for such a substance as untreated carbon to more than
2000 C. for such a metal as polished platinum at its melting point.

This temperature of non-black bodies has been called the
black-body temperature, the apparent temperature and the bright-
ness temperature. Arguments might be made in favor of any
of these names for this temperature. It is the apparent tempera-
ture or the black-body temperature in that it is the temperature
that is obtained direetly from brightness measurements by assum-
ing that the body behaves like a black body. However, the color
temperature, as will be defined below, is also an apparent tempera-
ture, or a black-body temperature, although based upon entirely
different principles. In this Laboratory, because it is the bright-
ness that is measured, this temperature is called the brightness
temperature and is referred to a particular wave-length. There is,
to be sure, another temperature that might be called the brightness
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temperature; that is, a temperature based upon the intensity or
brightness of. the total light radiated. However, both of these
temperatures are based on the same principle. In using any one of
these names, one must, if accuracy is desired, specify the wave-
length to which the temperature belongs, as any non-black body
has as many different brightness temperatures as there are wave-
lengths to be considered. This brightness temperature, of course,
varies for different wave-lengths. If a red glass is used as a
monochromatic screen, the wave-length used varies with the
temperature. It has been shown that the brightness temperature
should be ascribed to the effective wave-length of the screen used
for black-body radiation for the temperature interval from T
equal to the brightness temperature to T., the color temperature
of the source being investigated.

The color temperature of a particular source has been defined
as the temperature of a black body, which has the same distribution
of energy in the visible spectrum as the source under considera-
tion. It has been found experimentally that most metals when
heated radiate in such a manner that they can be color-matched
against a black body. These color matches are very easily and
accurately made with an ordinary photometer. It is to be noted
that when two bodies have the same color temperature, it is not
necessary that they shall have the same brightness for any par-
ticular wave-length interval.

To calculate the brightness temperature from readings on'
the brightness of a non-black radiator, equation 2 is used when
the true temperature T is replaced with the brightness tempera-
ture S. From this equation and equation 3 the following relation
can be derived:

(12) I I=c loge
T S C2 10g e

In Table XI are given values of T - S for different values of S
and different values of . From the table the correction for' any
emissive power from =o.io to .oo and from any temperature
from I2oo' K. to 36000 K. can be found. These corrections
have been calculated for A = o.66 5j. If a different wave-length is
used corrections can be made for the change in wave-length. The
same relation holds here as was mentioned above in connection
with the correction for the transmission of a window. It was.
shown there that the correction varied exactly as the variation
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TABLE XI.

Corrections to Add to Brightness Temperature Readings for Different Emissive
Powers.

Emissive Pyrometer using red light, wave-length, X o.66juat observed tempera-
power 10011100 tures, degree Kelvin of-p e 00 200 300 I400 I500 600 1700 i800 2000 2200 2400 2600 2800 3000 3600

0. I0 II9 46 176 209 246 286 329 377 428 542 675 826 998 II93 14I3 2246
.20 8i 98 II8 I40 i63 189 217 247 279 351 432 523 626 739 865 I322
.30 59 72 86 I02 II9 137 157 178 20I 25I 308 37I 44I 5i8 603 905
.40 44 54 64 76 89 I02 117 I32 I49 I86 227 272 323 378 438 650
.50 33 40 48 57 66 76 87 98 1 0 I37 I67 201 237 277 320 471
.60 24 29 35 4I 48 55 63 7I 80 99 I2I I45 I70 I99 299 336
.70 17 20 24 29 33 38 43 49 55 68 83 99 II7 I36 157 228
.80 I0 13 I5 I8 2I 24 27 30 34 42 5I 6I 72 84 96 I39
.90 5 6 7 8 I0 I I I3 I4 I6 20 24 28 33 39 45 65

1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

in the wave-length. Thus a one per cent. variation in the wave-
length causes a one per cent. variation in the correction. The
correction for the transmission of the window through which
observations are taken is calculated in exactly the same manner
as the correction for the emissive power. From this it is evident
that the correction given in the curves in Fig. 5 will give the
correction for an emissive power equal to the transmission given
in that set of curves.

The Report of the Pyrometry Committee for this year has
been made in the form of a summary of existing methods and
data. It is planned for next year that the report shall contain
current data. It is probable, also, that an attempt will be made to
agree upon some definitions and nomenclature.

NELA RESEARCH LABORATORY,
CLEVELAND, OHIO.

July, 1920.
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